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NATIONAL ADVISORY COMMITTEE FOE AERONAUTICS 

TECHNICAL NOTE NO. 1359 

EXPEEIMEaiTAL VERIFICATION OF THE RUDIER-FEEE STABILITY 

TEEOSY FOE AN AIRPLANE MOIEL EQUIPPED WITH A EUDIER 

HAVING POSITIVE FLOATING • TM3ENCIES AND 

VARIOUS AMOUNTS OF FRICTION 

By Bernard Maggin 

SUMMARY 

An investigation has been made in the Langley free-flight • 
tunnel to obtain an experimental verification of the theoretical 
rudderrf-ree dynamic stability characteristics of an airplane model 
equipped vith a rudder having positive floating tendencies and 
various amounts of friction in the rudder system.. The model 
was tested mounted on a yaw stand that allowed freedom only in 
yaw, and a few tests, were made in free flight. Tests were made 
with varying amounts of rudder aerodynamic balance. Most of the 
stability derivatives required for the theoretical calculations 
were determined from force and free-oscillation tests of the 
model. The investigation was limited to the low relative-density 
range. 

The results of the tests and calculations indicated that, 
with negligible friction in the rudder. control system, the 
general rudder-free stability' theory • adequately- predicts the 
period and qualitatively predicts the damping of the rudder-free 
oscillations for the normal-range of''airplane and rudder parameters. 
If the general theory is simplified by neglecting- rolling, lateral 
displacement of the center of gravity, and rudder moment of inertia, 

• the theory still adequately predicts the period and quantitatively 
predicts lower values of the damping of the rudder-free lateral 
oscillation. The investigation showed that, with friction in the 
rudder system, a constant-amplitude oscillation exists for a range 
of combinations of positive floating-moment and negative restoring- 
moment parameters. A simplified theory approximating solid friction 
by an equivalent viscous friction predicts the characteristics of 
the rudder-free lateral stability for values of friction hinge-moment 
coefficient in the rudder system, encountered with present-day 
airplanes • 
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iNTRonjcTioN • •'•' 

Eynomlc instability in the rudder-free'.condition has "been 
experienced by scmte airplanes. Other airplanes have performed 
a rudder-^free oscillation called "snaking," in which the airplane 
yaw and rudder motions-are so coupled as to maintain a constant- 
amplitude yawing oscillation. These phenomena have' "been the 
subject of various theoretical investigations, and the factors 
affecting the rudder-free stability have been explored and 
defined in the theoretical analyses of references 1 to 3- 

In order to obtain an experimental check of the various rudder- 
free theories, a series of tests has been conducted with a 

—scale airplane model in gliding flight in the Langley freo- 

flight-.tunnel. The first, part~~of this investigation dealt with 
the. experimentai results of tests made to -determine the rudder- 
free dynamic stability characteristics of an airplane model 
equipped with rudders having negative floating tendencies and 
negligible friction. (See reference 3») The results of the . 
second part of this investigation, presented herein, deal with 
the rudder-free dynamic stability of the model equipped with 
a rudder having positive floating tendencies, negativo restoring" 
tendencies, and varying amounts of friction in the rudder. system. 
For convenience an all-movable vertical tall was used to obtain 
positive floating tendencies, but the results are applicable.to" 
any rudder having the range of parameters considered. 

The model was testod both in freo flight and mounted on a 
yaw stand that allowed freedom, only in yaw in order to determine, 
experimentally the differences caused by neglect of the rolling" 
and lateral motions of an airplane with rudder free. 

In order that the results obtained 'by theory and experiment 
.might be correlated for tho conditions without.friction in the 
rudder system, calculations- wore made by equations involving 
four degrees of freedom, and by equation involving fewer degrees 
of freedom and neglecting various airplane and rudder parameters. 
(See reference 3.) For conditions with friction in the rudder 
system, calculations wore made by a simplified theory approximating 
solid friction by an equivalent viscous" friction. (Soo reference £\) 
.Various force, "hinge-moment, and free-osciXJ-ation tests were made 
in order to .determine some of tho stability. derivatives for tho 
rudderrfree'stability' calculations.. 
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• SYMBOLS 

W weight of model, pounds 

V free-stream airspeed, feet per second 

S wing area, square feet 

"b wing span, feet 

c wing chord, feet 

Sv vertical-tail (rudder) area,'square feet 

"bv span of vertical tail (rudder), feet 

m mass of model, slugs 

ia,. mass of vertical tail (rudder), slugs 

kj radius of gyration of model ahout longitudinal (X) axis, feet 

kg radius of gyration of model a"bout vertical (Z) axis, feet 

"ky radius of gyration of vertical tail (rudder) about hinge 
axis, feet 

5T     distance from center of gravity of vertical-tail (rudder) 
system to hinge axis, feet) positive when center 
of gravity is hack of hinge 

IT     moment of inertia of vertical tail (rudder) ahout hinge 
line, slugs per square foot 

I distance from model center of gravity to vertical tail 
(rudder) hinge line, feet 

P      period of oscillations, seconds 

T      time required for motions to decrease to one-half amplitude, 
seconds f 

t time, seconds 

q dynamic pressure, pounds per square foot ( ^pv*^) 

p mass density of air, slugs per cubic foot 

H model relative-density factor (m/pSb) 
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[Ay vertical-tail (rudder) relative-density factor 
(m^/pbvcV2) 

cY root-mean-sguare chord.of vertical tall (rudder),  feet 

ß angle of sideslip, radians unless otherwise stated 

ty angle of yaw, radians unless otherwise stated 

£ rudder angular deflection, radians unless otherwise 
stated 

CL lift coefficient- (5i£fcxj 

Cy lateral-force coefficient.   (lateral foroe\ 

\ & )• 

Oi rolling-moment coefficient    (tolling moment) 
.  . \   qßb J 

Cn yawing-moment coefficient (l2ä*ESJ2£H55*) 
qj3b 

Ch     hinge-moment coefficient (Hinge .moment> / Hinge ,moment\ 

C^    friction-hinge-moment coefficient (J^iotion hinge moment {Friction hinge moment\ 

Cyß' • rate of change of lateral-force coefficient with angle 
P of sideslip (dCy/fcß) 

C^g rate of-change of rolling-moment coefficient with angle 
of sideslip • (äc^/öß) 

p rolling angular velocity, radians* per second 

r yawing angular velocity, radians per second 

C^ rate of change of rqlling|moment coefficient with rolling 
angular-velocity factor (dCj/a^i 

ment coeff 
angular-velocity factor fbCi/$Q\ 

Cir rate of change of rolling-moment coefficient with yawing 
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rat© of change of yawing-moiaent coefficient with angle 
of sideslip    (dc^/aß) S 

Cj^    rate of change of yawing-moment coefficient with rudder 
angular deflection (öCjj/05) 

C      rate of change of yawing-moment coefficient with rolling 

angular-velocity factor ( öCJT/ö^— j 

Cn rate of change of yawing-moment coefficient with yawing 

angular-velocity factor ( o*Cn/d—: j 

C^ .    rate of change of rudder hinge-moment coefficient with 
v      angle of yaw (dCjj/chJf); floating-moment parameter 

Cjj     rate of change of rudder hinge-moment coefficient with 

yawing angular-velocity factor (Vi) 
Cv     rate of change of rudder hinge-moment coefficient with 

5       rudxler angular deflection (dCfc/cJS); reetoring-ooment 
parameter 

C^-s    rate of change of rudder hinge -moment coefficient with 

rudder angular-velocity factor \5ch/aA JJ 

\|/      amplitude of yaw oscillation, degrees 

8      amplitude of rudder oscillation, degrees 

K      Eouth's discriminantj boundary for zero damping of 
the lateral oscillation 

APPARATUS 

The tests were made in the Langley free-flight tunnel, a 
complete description of which is given in reference k.    The 

model used in the testJa was a modified i-scale model of a 
7 

Fairchild XR2K-1 airplane. Figure 1 is a three-view drawing 
of the model. The mass, dimensional, and aerodynamic character- 
istics of the model are presented in table I. 

The vertical tail (in this case, the rudder) of the model was 
a straight-taper all-movable surface with an adjustable hinge line, 
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Variation of the rudder hinge line .allowed for adjustment of the 
rudder flöating-momer.i.t parameter C^ and the rudder restoring- 

moment parameter C^-. In addition C^ was adjusted by a special 

spring attachment. Figure 2 is a sketch showing this special 
spring attachment, the rudder-freeing system, and the friction 
system. The magnitude of the friction moment in the rudder system 
was-determined by a torque meter which registered the torque 
required to maintain a steady rotation of the rudder post and 
pulley. 

A photograph of the model installed on the yaw stand used 
in the tests is shown as figure 3. The stand was fixed to the 
tunnel floor and allowed the model complete freedom in yaw hut 
restrained it from rolling and 3idevise displacement. 

Tests were made to determine the perJLod and damping of the 
rudder-free lateral oscillation of the model in froe flight and 
mounted on the yaw stand. 

Free-flight tests of the model were made for the conditions 
for which data are preaented under the "Flight" columns of 
tables II and III. These tests were made "by flying the model in 
the tunnel-and "by photographing the rudder-free lateral oscillations 
as described in reference. 3« The flight-test program was not 
more extensive because of the difficulty of obtaining film records 
of sufficient length during the uncontrolled part of the flight- 
to determine accurately the period and damping of the lateral 
oscillation. 

r 

The yaw-stand tests of the model were made as described in 
reference 3, for conditions for which data are presented under 
the "Stand" columns of tables II and HI. These tests vere 
made under conditions reproducing those considered in the 
analytical treatment of. reference 2. 

The stability derivatives used in the calculations were 
obtained by the methods described in reference 3. 
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SCOPE JUSD METHODS OF CÄLCULÄTIOES 

By use of the coefficients given in table I, calculations were 
made of the damping and period of the rudder-free lateral oscillations 
of the model without friction in the rudder system for the range of 
rudder parameters indicated in table H. These calculations were made 
"by equations that provided four degrees of freedom as well as the 
fewer degrees of freedom which resulted from the neglect of rolling ' 
or from the neglect of rolling and sidewise displacement of the center 
of gravity as described. 

Calculations were also made of the period and amplitudes of the 
rudder-free lateral oscillation of the model and of the riidder with 
friction in the rudder system for the range of rudder parameters 
indicated in table HI. These calculations' were made "by a simplified 
theory approximating solid friction by an equivalent viscous friction 
proposed in reference 2. 

RESULTS AND DISCUSSION 

.. The results of the tests and calculations of the airplane and 
rudder motions are presented in tables II and HI. Table H gives 
the period and reciprocal of the time to damp to one-half amplitude 
for the conditions investigated without friction; table III gives 
the period and amplitudes of the airplane sind rudder motions for the 
conditions investigated with friction. 

The reciprocal of the time to damp to one-half .amplitude was used 
to evaluate the damping because this value is a direct rather than an 
Inverse measure of the degree of stability. Correlations of the 
calculated and experimental results are presented in figures if- to 8. 

Rudder-Free Stability without Friction 

Calculations and tests.- The stability calculations made by use 
of the general theory indicate that the motions of an airplane with 
rudder free consist-of two aperiodic modes and two oscillatory modes. 
In each type of mode, one mode has a period two to six times the other. 
Waen rolling is neglected, or rolling and sideslip are neglected, the 
equations of motion predict only the oscillatory modes. If rolling, 
lateral motion of the center of gravity, and rudder moment of inertia 
are neglected, only one oscillatory: mode is predicted. This mode 
corresponds to the long-period mode predicted by the general theory. 
The yaw-Btand and free-flight test results- (table H and figs..9 
and 10) indicate that this long-period mode is the predominant yawing 
motion of the airplane, 
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All the theories reasonably predict the periods and values of 
floating-moment and restoring-moment parameters for zero damping 
of the rudder-free .lateral oscillation. Values of the damping of 
the motion .predicted by the various theories, however, are not 
in agreoment.  (See table II and fig. k.) Neglect of the terms 
involving lateral' motion of the -center of gravity results in an 
appreciable reduction in the predicted value of the damping of 
the rudder-free lateral oscillation. 

Correlation of calculated and., experimental data.- Good quali- • 
tative agreement in prediction of the E = 0 • "boundary "by theory and 
bjr bests is shown in figure 5,  which presents a representative 
calculated S » 0 "boundary and the range of conditions covered 
herein. The yawing and rudder oscillations of the airplane as 
obtainod from yaw-stand tests for tests 6, 7, 9, and 11 (see table II) 
are presented in figure 10(a). 

The data of figure k  show that tho period of the airplane 
yawing-motion obtained in .the tests, is reasonably predicted "by 
any of the theories considered "but that the damping of the 
motion obtained from the tests is in only fair qualitative 
agreement with the theories. The damping obtained in the yaw-stand 
tests agrees more closely with the theory neglecting lateral 
displacement of tho center of—gravity and rolling than with the 
more complete theories. This result is to be expected because 
the yaw-stand tests simulate the restrictions of the theories 
neglecting rolling and sideslip, and neglecting rolling, sideslip, 
and rudder moment of inertia. It would also be expected that the 
flight-test results would be predicted best by the general theory. 
Flight tests, however, were not extensive enough.to indicate which 
theory would predict the rudder-free lateral stability character- 
istics in free flight. 

From these data it appears that the theory neglecting rolling, 
lateral displacement of the center of-gravity, and rudder moment 
of inertia gives lower values of damping of the rudder-free lateral 
oscillation than the general theory .but can be used to predict, 
at least qualitatively, the characteristics of the rudder-free 
motion of the airplane. 

• Eudder-Fr-ee Stability with Friction 

Calculations.- The results of calculations showing the offset 
of friction in the rudder system are presented in table IH. 
These data indicate that for some combinations of restoring-moment 
and floating-moment parameters a const ant-amplitude yawing 
oscillation will result. This oscillation consists of a yawing 
motion of the airplane accompanied by a rudder oscillation. 
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The amplitudes of these oscillations are proportional to the 
amount of friction in the system "but the period is independent of 
friction. Figure 8 shows the combinations of C^  and Cv 

which result in this friction phenomenon. 

Tests.- The results of the yaw-stand and flight tests 
presented in table III and in figures 9 and 10 show that with 
friction in the rudder system there is a constant-amplitude 
oscillation for a range of restoring-moment and floating-moment 
parameters for which, with, negligible friction, there is a 
damped oscillation. 

Correlation of calculated and experimental data.- In figures 6 
to'8 the results of the tests and calculations made to evaluate 
the effect of friction on the rudder-free lateral stability character- 
istics are compared. The data of figure 6 show good qualitative 
agreement of the damping results, obtained by tests and by calculations 
and indicate that the theory of reference 2 can be used to predict 
the region of constant-amplitude motion resulting from friction in 
the rudder system. Figures 7 and 8 show that quantitatively the 
theory of reference 2 predicts the period of the constant-amplitude 
oscillation through the range of variables considered but that 
the amplitude of the rudder and airplane motions- are reasonably 
predicted only up to values of friction-moment coefficient of 
about 0.015- This value of friction-moment coefficient is well 
above the average friction-moment coefficient of present-day 
airplanes, according to a British summary of actual friction hinge 
moments of service airplanes. This summary showed a minimum 
friction moment of 1-7 foot-pounds and a maximum of 10-5 foot-pounds. 
The average friction moment was k.k  foot-pounds, which corresponded 
to a value of C^ of 0.010. 

The data of figure 8 show that the theoretical variation 
of the amplitudes of the airplane yawing motion and rudder motion 
with friction is a straight line. The test results, however, 
indicate that the amplitudes are not a linear function of friction 
but that the rate of increase of amplitude with friction becomes 
smaller with increasing friction. 

CONCLUSIONS 

The following conclusions are based on the results of an 
investigation conducted in the Langley free-flight tunnel to 
determine the rudder-free dynamic stability characteristics 
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of an airplane model having a rudder with positive floating, 
tendencies: 

1. For the case of negligible friction in the rudder control 
system, it appears that the general rudder-free stability theory 
adequately predicts the period and qualitatively-predicts the 
damping of the rudder-free oscillations for the normal range of 
airplane and rudder parameters. If the general theory is simplified 
by neglecting rolling, lateral displacement of the center of gravity, 
and rudder moment of inertia, the theoi*y still adequately predicts 
the period and quantitatively predicts lower values of—damping of 
the rudder-free lateral oscillation. 

2.. The investigation showed that, with friction in the rudder 
system, a constant-amplitude oscillation exists for a range, of 
combinations of positive floating-moment and negative restoring- 
moment parameters. A simplified theory approximating solid friction 
by an equivalent viscous friction predicts the characteristics of 
the rudder-free lateral stability for values of friction hinge- 
moment coefficient in the rudder system encountered with present- 
day airplanes. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va., June lhif  1946 
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TABLE I 

MASS,  DIMENSIONAL, AND AERODXNAMIC 

CHARACTERISTICS OF MODEL TESTED 

3.94 

1.08 

3.47 

4.75 

0.785 

1.85 

(?T 0.027 

%) 0.0516 

c. n6 

% 

% 
0.278     c^ 

0.667    cT 

1.53 nT 

12.65- 

0 
*r 

NATIONAL AWISORy 
COMMITTEE EOE AERONAUTICS 

-0.0646 

0.0841 

-0.0573 

-O.43 

0.60 

0.416      C? -0.49 
P 

-0.0173 

3.125     C2 0.165 
r 

-O.IO6 

n 
%)5 © 

-O.O38 
-.083 
-.154 
-.220 
-.011 
-.024 

" 0.079 0.061 -O.079 0.000599 

-.072 
-.081 
-.120 
-.147 
-.228 
-.007 

.156 

J 

.124 -.069 .000497 

-.073 
-.154 
-.243 

,   •.236- 

J,.._ _  

.184 -.062 .000443 



TflffiS II.- C0MPAMB0H OF FEtlOD USD WMPIHG EROH FKEB-yUIHE JUG) YAW-BXH© TESTS AHD FH0M CALCOLKCI0BB 

[»egllßi'blo Motion In rudder ayoteej 

Lang-period oscillation 

Teet Test condition« 

Teste CftlouUtlms 

Flitfrt YBV stand General theccr Boiling neglected. Dolling *nd «lie- 
Blip negleoted 

Rolling,  nidenllp, 
end. rndder meant 
of Inertia 
neglected. 

% \ 
P ift P 1ft P l/T P lA P 1* P 1ft 

1 
2 
3 
4 

5 

7 
8 
9 

10 
11 
12 

13 
14 
1? 
16 

U.0795 

* .156 

r-0.038 
J   -083 
1   -.154 
L  -.220 

f   -.011 
-.024 
-.072 
-.081 
-.120 
-.147 
-.175 

_ -.228 

r -.007 
J -073 
1 -.154 
L -243 

1,3 0 = 34 

(a) 
I.56 
I.63 
I.70 

w w 
1.10 
1.18 
1.18 
1.25 
1.30 
1.37 

M 
1.06 
lJ-2 
1.18 

W 
0.39 

•58 
.62 

'IS 
1JL6 
.267 
.318 

'.588 

.653 

w 
.215 
.333 
.970 

1.01 
1.14 
1.30 
1.36 

.859 

.85 

.01 

.949 
1.08 
1.14 
1.20 
1.25 

.755 
•794 

1.04 
1.18 

-0.34 
1.14 
1.38 
1.39 

-3.32 
-3.35 
1.00 
llo7 
1.39 
1.49 
1.48 
1.49 

-4.60 
.793 

I.65 
1.59 

1.04 
1.19 
1.36 
1.43 

.868 

.973 

1.18 

1.30 

.762 

.809 
1.08 
1.22 

-0.35 
1.13 
1.37 
1.37 

-3-37 

1.06 

1.49 

1.48 

-4.6p 
.814 

1.64 
1.58 

1.05 
1.20 
1.39 
1.44 

•759 

.986 

1.19 

1.31 

.766 
.822 

1.09 
1.23 

-0.626 
•771 
.993 
.993 

-3.19 

.723 

141 

IJLO 

-4.92 
.472 

I.26 
1.20 

1.09 
1.26 
1.39 
1.46 

•fiBfl 

1.04 

1.21 

1.32 

.694 

.880 
1.11 
1.24 

-o.oas 
.808 
.972 
.983 

-e.ia 

.825 

l.oB- 

1.08 

-3.46 
.775 

1.22 
148 

Short-period oscillation 

2 

8 
10 
12 

1* 
15 
16 

U.0795 

| .W6 

I .236 

r-0.083 
i -154 
L -.eao 

f -.oaa. 
<   -.147 
I.  -.228 

f -.073 

— J   

..... 

0.453 
.292 
.,235 

.419 

.272 

.209 

.434 

.249 
O90 

14.41 
1447 
14.16 

15.14 
14.74 
14.75 

15.72 
14.90 
14.96 

0.453 
.292 
.235 

.420 

.273 

.209 

.433 
,249 
.190 

14.40 
14.16- 
14.16 

15.17 
14.76 
14.77 

15.71 
14.88 
14.94 

0.453 
.292 
.235 

.419 

.273 

.209 

.433 

.249 

.190 

14.39 
14.17 
14.17 

15JL5 
14.76 
14.77 

15.68 
14.90 
lfc.93 

  
  

Unstable e oscillation. 

o 
> 

5* 

CO 
CJ1 
CO 

HMBÄ«. AUnSOHJt 
C«KHT1SKR AHKHMJTICS 

co 
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TABLE HI.- CCMRABISQH OF PERIOD AHD KAMPIBCJ FROM FBEE-FLIGEr 

AND TAW-STAND TESTS AND FROM CALCULATIONS 

[Friction In rudder systemJ 

Test Conditions Tests Calculations 

% 

FUebt 

°*f 

Tew stand. 

f 

0.0791 

.099 

.156 

.156 

.156 

.156 

.156 

.156 

.156 

.156 

.195 

.236 

.236 

.236 

-0.038 

-.065 

-.024 

-.072 

-.081 

-.124 

-.120 

-.147 

-.175 

-.228 

-.106 

-.113 

-J.54 

-.198 

o.ooia 

•oo4i 
.0082 
.0123 
.01ft 

.001*1 

•OOiH 

'.oo4i 
.0082 
.0123 

.0041 
.0082 
.0123 
•Ö164 

.0041 

.0082 

.0123 
^.0164 

'.OOltl 
.0082 
.0123 

• OOltl 

.0041 

.ooin 

.0082 

.0123 

.0164 

.OOltl 

.0082 

.0123 

.0101. 

'.OOltl 
.0082 
.0123 

•OOltl 
.0082 
.0123 

(a) 

1.2 

(a) 

3.7 

1.5 

00 00 

1.65 

1.5 
1.5 
1.55 
1.1*5 

(a) 

1.3 

1.35 
1.1*5 
1.65 

1.30 
1.6 
1.6 
1.1 

1.1*2 
1.7 
1.6 
1.7 

00 

00 

00 

1.6 
1.5 
1.1*5 
1.5 

•90 
•90 
•92 

1.5 

1.1 

10.5 

6 
6.7 

10 
10 

(a) 

6 

8 
6.2 
7 

5 
8.5 
7 
7.5 

5 
5.5 
6.5 
7.1 

00 

00 

0») 

5.5 
5.5 
5.5 
7 

2 
1* 
5.5 
7.2 

2.7 
1* 
5 

Ö 

1* 

l*.5 n 
6 

(a) 

8 

5 
5 
5 

6 
7.5 
5.5 
5 

5.5 
6 
6 
6.1 

00 

00 

oo 
1.2 
1.5 
2.0 
1.7 

3.5 
5 
5.5 
7 

2.5 
1*.2 
l*.5 

a.27 

-1.1*7 

00 

0») 

.1.33 

.1.25 

.1.1* 

81.6 

12.3 
2i*.6 
36.9 
1*9.2 

2.68 
5.37 
8.06 

[10.70 

00 

0») 

' 2.92 
5.81* 
8.76 

11.68 

6.07 

20.1 
1*0.2 
60.3 
80.1* 

(a) 

10.5 

7.87 
15-71* 
23.61 

2.98 
5.78 
8.67 

11.56 

2.15 
4.3 
6A5 
8.60 

00 

00 

00 

1*.08 
8.16 

12.22* 
16.32 

4.68 
9.36 

14.01* 
18.72 

2.1* 
4.8 
7.2 

"ttofltabl» osoillation. 
Stable oscillation. 

KftglOHAL ADVISdRr 
COMMITTEE FOB AEROltAOTIOS 



NACA TN No. 1359 Fig. 1 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Center of 

F/gure /, - Three —s/ew drawnyofthe modtf/ed -^-^sca/s mode/ 
of the Fa/rchi/d XRzK-/ a/rp/ane . 



£\ n 

Prletlon adjustment nnt 

Spring* na«d to jary C„ 
8 

Cg   adjustment arn (C„   rarled by 

nbaKglng adjustment point of C_ 
S 

SJIFAH^R GO  U«    iujUi tiffBi era/ 

4. Locating holes Tor Cg   springs 

5. Hndder post {aounted in ball bearing to 

•lniaiiF friotion) 

Friotion oords {frletlon regulated by 

«banging tension in the friotion cords 

by leans of friction adjustnent nut) 

Friction pulley 

Locating pin 

Rudder-freeing plunger (free position) 

Rudder born 

NATIONAL ADVISORY 
COMMITTEE Ft» AERONAUTICS 4j| To rudder aeebanlsa 

Figure 2.- Rudder-freeing system, friction system, and system used to vary 

Cn  on model used in the study of rudder-free lateral stability charac- 

teristics in  the Langley  free-flight  tunnel. 

> 
O 
> 

s 

CD 

to 



Q 
> 

o 

01 

Figure 3.- Three-quarter front view of ——scale model of modified Fairchild 

XR2K-1 airplane mounted on yaw stand in Langley free-flight tunnel. 

I-" 

GO 



NACA TN No.  1359 Fig. 4 

f 
! 

Sis 

•8 

I 

-/ 

-/ 

-z 

-I 

^0.0795 

TTTTrnTi~nTi 

CGeneraJ fAeory 
\J?o//ing neglected 

HSb/lrno and lateral 
mot/on of o.g. / 
neg/ectsd 

matron of cp^/xl 
Jv neglected ^ 

l/nstajble 

Coexist. 

°o 3*&4 
mn 

.ilnsfai/e 

Ch =0236 

TTTTTn 
J/aite 

TTT 
Unstable. 

r ^Genera/ t/>eory 
iL-ifcollmg neglected 

"/Po/linq and lateral 
motion   of eg.    j 
ßca/ecfed 
ßs/lwo, latera/ 
motion   ofcft. 
\fiMl IufiefKcteef     ^ 

\ 

0 

I 
-/• 

777 

. Genera/ theory 
ßo///nff neg/ected 
Og>/l/nf and lateral 
motion oP i 
eg. oejkcftef 
&///nat lateral 
motion   of e.g., 

\&2drync9kx*xt   Q 

-I 

- r, nf>olfiC+ert 

j 
*•)/ 

3 0 

J •ener 
uheo. y 

C&o/t/s}? nepfee/eel 
\&?////7g end' lateral 
Jmof/on   of  e.g. 
[nea/ecfed 

o Yawsta/id tests 
n Frse-tV/gAt'Vests 

5» 03J L-2— 
J2~- ^> Itth =or/e 5- 

m 
•v^ •411 thsc r~/<sj 

NATIONAL ADVISORY 
COMMITTEE Ft* AERONAUTICS 

. 1           1           1  

-1 -&        r3 O        -./ -e 

rffc/rc 4 — Com/par/^on o£ co/ct/fafec/ osidexper/menfa/ rx/cfdsr^~ 



.3 

s 

i 

I ./ 

0 

Stehle 

1 * Ycw-stond tesb   Fm-fltght tests 
Q Stable             DSable 
^ Unstable         OUnsiabk O (E i b 

/ 

V 
- (to fab <s 

s 
/ 

G l cj j),   1 b o a V &v 

\ 
f&o boundary 

^n T„ nedectea I -*- 
*s •v 

ft fi e> I 
\ 

• 
1 

\ / 
j 

> 

X J 9 NATIONAL ADV0ORY 
CHJHITTEEW« «OMUTW 

-<3 -/ 0 J , 
Restoring-moment pammeter,Ch 

,& 

F/gure 5.-Comparison of ca/cu/afed ctncf experimental rudder-Free stability 
chonjcfer/z\f/c& ofQI? airplane /node/' tested in the Lingley free-tl/ght tunnel intfb 
negligible fr/ction in rudder system. 

> 

Cd 



.? 

I z 

* 

r 
o 

_•=* 

.rCc 

i 

iteuh 
Ct/Of 

oted 
d/Aüfc iry 

K / 
xinabry 

\ 

Kc Ions &?/ an) Wtik 3fe 
*> Van -stand tests      Free-flight' tests 

L\ Constant amplitude u  Constant arwiitude 
\J A 

7" 

/ 

• K ̂4 A £ 5 / 

OSfo tä 

V    / 

£~ A ^ sfah fe 

r 

"    ? y\ 1   / 

Q > c P D^ fee tl * f 
\ t=1 Et 

1—tf 

1/1 ft V . / 

P 0 k i * / V 
\ 
r1*- 
fä 1/ l\ r >J ^ 1 
\ s / 1 NATIONAL ADVISORY 

COHMTTO PM i«PION*UTICS 

n .7 
Rsstonng-momert parameter, C^r 

figure. £>,- CompQnöon of the cg/a/Igfed and exper/menfa/ rudtfer-frve 5fo£//ify ctiar&cfer/jf/cs 
of a/} otrpfafle mocfe/ feffatf//? rite l<?/fQ/ei/r-fr^e-//fo/,f ft/me/ Mf/i met/onm rudder system, 
{Calculated   data   determined   by   method   of  reference 2.) 

Q 
> 
i-d 
3 

CO 
it *i 

*l 

OJ 



Pig. 7 NACA TN No.  1359 

o 

o 

is 

32. 

\M4 

I 
8 
\ 
* 
& 

t/o 

\1 

3 

vO.8 

1° 

o   Yaw-stand test 
•   Free-f//<?/? f fest 

o 
© n 

A i oT 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

      1              1              i     L 

as /& 24 3.2. 

Exper/ me/?fa./   ra/oe   of per/ocf of rudafcr-f/Tse 
/a/era./ osc/Z/of/o/?, /? sec 

Ftgure "7." Compar/<sor) cfca/cuSated and exper/snenta/ x?6ss 
affj6c/Der/o<fo£~ Z6c   rt&cfer-- free /aferaf ösct/Jat/of) of 
on<&/)&fo*c /ne><?/e/ yff/A fr/cfton /r> rt/ctcter^ysfe/n, AS 
determined b</ fhe method of reference. 3 and hy 
expenmen f. 



 Gx/cu/afeaL douta 
— o— YaustcLncL feste 

B     fjnx-ft/ght tests 

d2 

Z4 

8 

{* 

0 
3Sf 

a 

J. ,. 

tfestor/ng -moment 
parameter^ ,dsy 

0       DiO      .020 

Rudder Ft/ct/on- 
moment coemaenf^ 

§3Z 

| 

0 

Rudder fr/ct/on- 

.0/0     .020 

fiudcter fnct/on- 
moment coemasn^ 

NATION«. ADVISORY 
CWWTTEI R* AEWNWUTICS 

f/QUre 3- Comstot/or?  cf the rejutfc of catct/faf/on^, ywr-sfand. fest§aJTdfr<ss-ft/gf)tfests 
WQCfcfo ctcfermtnc /tie effect of ff/&/on on w a/sp/am. t/atvrw mot/on Q/7tf&w/>///txfe. 
of tt><° <7/rf>/t?/)e   nratater wrw. C - o./5€>    Q. =~O./ZO . orfcf Q - o,oo4t c/r?/fss 
ott?erw/<5£ noted- »* * ' T 

o 
> 

en 
CO 

he] 

OR 

CD 



Fig. 9 NACA TN No. 1359 

0 

c 
0 

2. 3 
Time. , f} sec 

Figure,   <?.-   Comparison of the yawinq  motion of 
rudder-free,  airp/ane. mode/  t/tfh a.f?d  wif~houf~ fr/cJ~/a/? 
in rudder   system} as ahtcz/ned   -fro/n  yavr- sfanc/ 
and fnee—fftghf- fes+s. Ch~~a07Z.)C^   -OJS6>. 



NACA TN No.  1359 Fig. 10 

.Rudder def/ec/ion 
-Air~^—  vrptarie yaw 

t 

i 
I 

 RuaoLerj&flecf/on 
^/rp/ane yaw 

4      6      8      JO     &     M 
77/ne, f, sec 

&ü Cfyr *o. 

s 
! 

I 

^m— f ,14 <d< 
y- 1 *f 
tl4 >s_     , 3M ^A sto/l/nn 1 

1_ 

•Pl-:4- t 
4 t-   -t t t  -t t * -L I4. t t 

-   -t-fl •*!- £M - \tM 
-S-\£-\-\ - ti n   1  f* 
'^   t H  r I j-p (^ 
*        A 4  I-AJ i f 

Ü 4  -tl 
0          4 0          A T^__t± , 

44-  f 44-   t ~4- til   t 1 - 

O 

A            -Xr A j.-^- m L_ 

ff-* 
j*> 

^ -#- lU^k /} \! r 
44- 1J £ l\ i 

1 

0    J-P 444 fffi 1 ' 

1-C 44TÖS 
' *    'j-t Ö4Ö 1  LJ P *     njr Ö4tb3 !   t ;' 1 / 

-A        ^ 
I <S 

<y 

8 
- 

N    "T 
_4       1    / a ^ —d r //. 

±4 S^ *   45-, U4TA 4+4 H44^ -*  4ÜJ ̂ i^ - -*         -^£-tf 

Figure /&-£//&% ofmry/ng res for/no-moment 
g/radne moaZU uifrTana'utrrbuj fricfion in ~ 

O       £       4      6       8      A3     42      M 
T//D€, t, SSC NATIONAL ADVISORY 

(ÖKfy. =0004/. CM,WTTl1 ra "»a""• 
' Dgrarnefer OK on uawnq mof/on of mdder-fra; 
eMier. sysT&n, or ca/u/ntet from yatz-srand. /esfis. 



I 
TITLE: Experimental Verification of the Rudder-Free Stability Theory for an Airplane Model 
Equipped with a Rudder Having Positive Floating Tendencies and Various Amounts of Fri ction 
AUTHORS): Maggln, Bernard 
ORIGINATING AGENCY: National Advisory Committee for Aeronautics, Washington, D. C 
PUBLISHED BY: (Same) 

ß¥D- B101 

(None) 
OOJO. AOfNCT NO. 

TN-1359 
niausHMo MXNcr KO. 

July '47 Unclass. U.S. Eng. 
roofs 
24 

IllUSntATlOMS 

photos, tables, grr-phs. drwg 
ABSTRACT: 

The results of an investigation conducted in a free-flight tunnel indicate that, with neg- 
ligible friction in the rudder control system, the general rudder-free stability theory 
adequately predicts the period and qualitatively predicts the damping of the rudder- 
free oscillations for the normal range of airplane and rudder parameters. If the gen- 
eral theory is simplified, it still adequately predicts the period and quantitatively pre- 
dicts lower values of the damping of the rudder-free lateral oscillation. 

DISTRIBUTION: Request copies of this report only from Originating Agency 
DIVISION: Aerodynamics (2) 
SECTION: stability and Control (1) 

ATI SHEET NO.:  R-2-1- 36 

SUBJECT HEADINGS:  Airplanes - Tail configurations 
(0B490.3); Airplanes - Rudder effectiveness (0B483.3); 
Rudders - Characteristics (B3751) 

Air Documents Division, IntolHoonco Doportmont 
Air Motoriol Command 

AIS TECHNICAL INDES /rifh Patterson Air Foreo Baso 
Dayton, Ohio 


